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Abstract Title 

Liquid crystal display device with auxiliary electrode 

(57) A liquid crystal display device includes a plurality of gate bus lines 1 arranged in a first direction, and a 
plurality of data bus lines 3 arranged in a second direction on the first substrate, to define a pixel region. A 
common electrode is formed on the second substrate and a pixel electrode 13 is electrically charged through 
the data bus line 3 to drive the liquid crystal layer with the common electrode. An auxiliarY electrode 15 is 
formed on a same layer whereon the pixel electrode 13.is formed. A passivation is formed below the pixel 
electrode 13 and auxiliary electrode 15 to insulate them from other electrodes and bus lines. An alignment 
layer maybe on at least one substrate, and may comprise a plurality of different alignment domains. 

In a preferred embodiment, the auxiliary electrode 15 is only formed along one edge of the pixel 

electrode (Fig 8A). ^ ^ ■ 
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A MIILTI-DOKAIN LIQUID CRYSTAL DISPLAY DEVICE 

The present invencicn relates to a liquid crystal 
display device (LCD) , and mere particularly, to a multi- 
domain liquid crystal display device having a siae or 
auxiliary electrode on a layer whereon a pixel electrode 
is formed . 

Recently, an LCD has been proposed where the liquid 
crystal is not aligned and the liquid crystal is driven 
by side electrodes insulated from pixel electrodes. 
Figs. lA to IC are sectional views of pixel units of the 
conventional LCDs. 

Regarding conventional LCDs, a plurality of gate bus 
lines arranged in a first direction on a first substrate 
and a plurality of data bus lines arranged in a second 
direction on the first substrate divide the first 
substrate into a plurality of pixel regions. A thin film 
transistor (TFT) , applies image signal delivered from the 
data bus line to a pixel electrode 13 on a passivation 4. 

The TFT is formed on each pixel region and comprises a 
gate electrode, a gate insulator, a semiconductor layer, 
a source electrode, and a drain electrode, etc. Side 



electrode 15 is formed surrounding the pixel electrode 13 
on the gate insulator, .thereon passivation 4 is forn\ed 
over the whole first substrate, and a part of pixel 
electrode 13 overlaps side electrode 15 (refer to Fig. 
lA) . Alternatively, pixel electrode 13 is formed on the 
gate insulator, passivation 4 is formed over the whole 
first substrate. Afterward, side electrode 15 is formed 
as overlapping a part of pixel electrode 13 (refer to 
cig. IB). Moreover, it is possible to pattern the pixels 
electrode 13 by etching and dividing the pixel region 
(refer to Fig. IC) . 

On second substrate 33, a common electrode 17 is 
formed and together with pixel electrode 13 applies* 
electric field to a liquid crystal layer. -Side, electrode 
15 and open area (slit) 19 distort the electric field 
applied to the liquid crystal layer, and then in an unit 
pixel liquid crystal molecules are driven variously* 
This means that when voltage is applied to the LCD, 
dielectric energy due to the distorted electric field 
arranges the liquid -crystal directors' in a needed 
position . 

In the LCDs, however, open area 19 in common 
electrode 17 or pixel electrode 13 is necessary, and the 
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liquid cryszal nriolecules cculc be driven stably wnen che 
cper. area is wider. Ir. the electrodes do not have an 
open area or the width of the open area is narr:ow, the 
electric field distortion needed to divide the pixel 
region becomes weak. Then, when voltage over a threshold 
voltage, V^j,, is applied, the ti.T.e needed to stabilize the 
liquid crystal directors increases. In particular, the 
response time can be over 100msec. At this time, 
disclination occurs from the area where the liquid 
crystal directors are parallel with a transmittance axis 
of the polarizer, which results in a decrease in ■ 
brightness. Further, according to the surface state of 
LCDs, the liquid crystal texture has an irregular 
structure. 

Accordingly, the present invention is directed to an 
LCD that substantially obviates one or more problems due 
to limitations and disadvantages of the related art. 

An object of the present invention is to provide a 
multi-domain LCD having rapid response characteristics 
and high brightness by stable arrangement of liquid 
crystal molecules. 

Additional features and advantages of the invention 
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will be set forrh in "he description which .fellows, and 
in part will be apparent frciT. the description, or n^.ay be 
learned by practice of the in-'ention. • The objectives and 
other advantages of the invent ion . will be realized and 
attained by- the structure particularly pointed out in the 
written description and claims hereof as well a3 the 
appended drawings, % 

To achieve the objects and in accordance with the 
purpose of the invention, as embodied and broadly 
described herein, a multi-domain liquid crystal display 
device comprises first and second substrates '-facing each- 
other;- a liquid crystal layer between said first and • 
second substrates; a plurality of- gate bus lines arranged 
in a first direction on said first substrate and a 
plurality of data bus lines arranged in a second 
direction on said first substrate to define a pixel 
region; a common electrode on said second substrate;, a 
pixel electrode electrically charged through said data 
bus line to drive said liquid crystal layer with said 
common electrode; a side electrode on a same layer 
whereon said pixel electrode is formed; a passivation 
insulating said pixel and side electrodes from electrodes 
and bus lines other than the pixel and side electrodes; 
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and. an alignment layer on az least one sucsrrare between 
said first and second substrates. 

In another asceoz of the present invention,- a multi- 
domain liquid crystal- display device comprises first and 
second substrates facing each other; a liquid crystal 
layer between said first and second substrates; a 
plurality of gate bus lines arranged in a first direction 
on said first substrate and a plurality of data bus lines 
arranged in a second direction on said first substrate to 
define a pixel region; a common electrode on said second 
substrate; a pixel electrode coupled to the data bus 
line; a side electrode on a same layer as said- pixel 
electrode; and a passivation insulating said pixel and 
side ' electrodes . . 

In another aspect of the present invention, a method 
of making a multi-domain liquid crystal display device 
comprises the steps of forming first and second 
substrates facing each other; forming a liquid crystal 
layer between said first and second substrates; forming a 
plurality of gate bus lines arranged in a first direction 
on said first substrate and a plurality of data bus lines 
arranged in a second direction on said first substrate to 
define a pixel region; forming a common electrode on said 
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second substrace; forniing a pixel eiectrcce eiectricaiiy 
charged through said catia bus line tie drive said liquid 
crystal layer with said common electrode forming a side 
electrode on a same layer whereon said pixel electrode is 
formed; forming a passivation insulating said pixel and 
..side electrodes from electrodes and bus lines other than 
_ the pixel and side electrodes; and forming an alignment 

layer on at least one substrate between said first and 
: second substrates. 

In a further aspect of the present invention, a 
method of making a multi-domain liquid crystal display 
device comprises the steps of forming first and second 
substrates- facing each other; forming a liquid crystal 
layer between said first and second substrates; forming a 
plurality of gate bus lines arranged in a first direction 
on said first substrate and a plurality of data bus lines 
arranged in a second direction on said first substrate to 
define a pixel region; forming a common electrode on said 
second substrate; forming a pixel electrode coupled to 
the data bus line; forming a side electrode on a same 
layer as said pixel electrode; and forming a passivation 
insulating said pixel and side electrodes. 

It is to be understood that both the foregoing 
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general description, and the following detailed 
description are exerr.ciary and explanatory and are 
intended to provide further explanation of the invention 
as claimed. 

Specific embodiments according to the invention 
will now be described, by way of example, with 
reference to the accompanying drawings, in which: 

Figs. lA to IC are sectional views of the. liquid 

crystal display devices in the related art; 

Figs. 2A to 2D are plan views of the liquid crystal 

display devices according to the first embodiment of the 

present inventions- 
Figs. 3A to 3B are sectional views taken along the 

lines I-I^ and II-II^ of the liquid crystal display 

device in Fig. 2A; 

Figs. 4A to 4C are plan views of the liquid crystal 
display devices according to the second embodiment of the 
present invent ion; 
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Figs. 5A to 5C are' plan views cf the liquid crystal 
display devices according to the third enbodimeht of the 
present invention; 

Figs. 6A to oD are plan views of the liquid crystal 
display devices according to the fourtih embodiment of the 
present invention. 

Figs. 7A to 73 are sectional views taken along the 
lines III-III^ and IV-IV^ of the liquid crystal display 

device in Fig. 6A; 

Figs. 8A to 8C are plan views of the liquid crystal 

display devices according to the fifth embodiment of the 

present inventions- 
Figs. 9A to 9C are plan views of the liquid crystal 

display devices according to the sixth' embodiment of the 

present invention- ■ • 

Figs. lOA- to lOD are plan views of the liquid 

crystal display devices according to the seventh 

embodiment of the present inventions- 
Figs. IIA to IIB are sectional views taken along the 

lines V-V^ and VI -VI^ of the liquid crystal display 
device in Fig. lOA; 

Figs. 12A to 12C are plan views of the liquid 
crystal display devices according to the eighth 
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embodiment of c: 



p.e pr 



esenz 



mvencion; 



Figs . 



13A to 13C are clan views 



or 




crystal display devices .according to 



the ninth embodiment 



of the present invention; 

Figs. 14A to 14D are plan views of the liquid 
crystal display devices according to the tenth embodiment 
of the present invention. 

Fig. 15 is a sectional view taken along the line 
VII-VII* of the liquid crystal display device in Fig. 14A; 

Figs. 16A to 16C are plan views of the liquid 
crystal display devices according to the eleventh 
embodiment of the present invention; 

Figs. 17A to 17C are plan views of the liquid 
crystal display devices according to the twelfth 
embodiment of the present invention; 

Figs. 18A to 18 E are sectional views of showing the 
manufacturing process of the present invention; 

Figs, 19A-19F are sectional view of showing another 
manufacturing process of the present invention; 

Figs. 20a and 20B shows the upper and lower 
substrates of the liquid crystal display of the present 
invention with dif f eren t conf igurat ions of the 
compensation film; and 
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Figs. 2iA and 215 show che upper and lower 
substrates of another embcdi.T.ent in accordance with the 
present invention where Tig. 2 lA inciuaes black oiatrix 
and rig. 213 excludes black matrix. 

The multi-domain liquid crystal display device 
comprises first and second 

substrates facing each other, a liquid crystal layer 
between the first and second substrates, a plurality of 
gate bus lines arranged in a first direction on the first 
substrate and a plurality of data bus lines arranged in a 
second direction on the first substrate to define a pixel 
region, a common electrode on the second substrate, a 
pixel electrode electrically charged with the data bus 
line to drive the liquid crystal layer with the common 
electrode, a side electrode on a layer whereon the pixel 
electrode is formed, a passivation below the pixel and 
side electrodes to insulate them from other electrodes 
and bus lines, and an alignment layer on at least one 
substrate between the first and second substrates. • 

The side electrode is in a region other than the 
region of the pixel electrode. The passivation includes 
a material selected from the group consisting of BCB 
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(benzocyclobueene) , acrylic resin, polyiu\ide compound, 
silicon nitride, and silicon oxide.' The pixel. region is 
divided into at lease, two portions. In eacn portion, the 
liquid crystal molecules in the liquid crystal layer are 
driven differently from each other. The alignment layer 
is divided into at least two portions. In each portion, 

liquid crystal molecules in the liquid crystal layer are 
aligned differently from each other. 

At least one portion among the alignment' layer 
portions is alignment- treated, or all portions, of the 
alignment layer portions are non-alignment-treated. In 
this respect, at least one portion among the alignment 
layer portions may be rubbing-treated or photo-alignment- 
.treated- 

The liquid crystal layer includes liquid crystal 
molecules having positive dielectric anisotropy or liquid 
crystal molecules having negative dielectric anisotropy. 

Hereinafter, a multi-domain liquid crystal display 
device is explained in detail by the accompanying 
drawings . 

Figs. 2A to 2D are plan views of the liquid crystal 
display devices according to the first embodiment of the 
present invention. Tigs. 2A to 2D shows a storage-on- 
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common structure but a s torage-on-ga te struccure is also 
possible. The solid arrow shows the alignment: direction 
of the -upper substrate and the dotted arrow shows the 
alignment direction of the lower substrate. 

In particular. Fig. 2A shows a four domain + 
shaped configuration where the alignment is in ail four 
domains. Fig. 2B shows a four domain ''x" shaped 
configuration where the alignment is in all four domains, 
rig. 2C shows a four-domain configuration where the 
alignment is in only two of the four domains. Fig. 2D 
shows a two-domain configuration with no alignirient. 

Figs. 3A to 3B are sectional views taken along the 
lines I-I^ and II-II^ in Fig. 2A. Although not shown in 
Figs. 3A and 3B, one alignment layer may be on either the 
first or second substrate, or an alignment layer may be 
on each of the first and second substrates. 

Referring to Figs. 2A-2D and 3A-3B, the - . ■ 
device comprises a plurality of gate bus lines 1 
arranged in a first direction on a first substrate and a 
plurality of data bus . lines 3 arranged in a second 
direction on the first substrate, a TFT, a passivation 4, 
a pixel electrode 13, a side electrode 15, a commor. 
electrode 17 on a second substrate 20, and a liquid 
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crystal layer between the first and second substrates. 

Data bus lines 3 and gate bus lines 1 divide the 
first substrate into a plurality of pixel regio.ns . The 
TFT is fornied on the each pixel region and comprises a 
gate electrode 11, a gate insulator, a sen\iconductor 
layer 5, an ohmic contact layer, and source/drain 
electrodes 7, 9. Passivation 4 is formed on the TTT and 
data bus lines 3 preferably through the whole first 
substrate. Pixel electrode 13 is coupled to drain 
electrode 9 and overlap the TFT and/or data bus lines 3, 
and gate bus lines 1 on passivation 4. Side electrode 15 
is formed in a region except the region in which the 
pixel electrode is on passivation 4. 

Side electrode 15 and pixel electrode 13 is 
separated by passivation 4, which prevents gate bus line 
1 and data bus line 3 , from interfering the distorted 
electric field of side electrode 15. The passivation 4 
is formed by depositing a material such as SiNx or SiOx. 
Further, if side electrode 15. and pixel electrode 13 are 
overlapped wich the TFT and/or data bus line 3, crosstalk 
is generated. Thus, side and pixel electrodes 15, 13 are 
formed to not overlap with the TFT and/or data bus line 
by the passivation as an interlayer. 



To manufacture zhe LCD, in each pixel region on the 
first: substrate, a TFT is forn^ec corr.prising gate 
eiect:rocle 11, gate insulator, sen\iccnduc tor layer 5, 
ohmic contact layer and source/drain electrodes 7, 9. At 
this time, a plurality of gate bus lines 1 and a 
plurality of data bus lines 3 are formed to divide the 
first substrate into . a plurality of pixel regions. 

Gate electrode 11, gate/data bus lines 1, 3, and 
source/drain electrodes 7, 9 are formed by depositing a 
metal such as Al, Mo, Cr, Ta or Al alloy, etc. using a 
sputtering and patterning technique. Semiconductor layer 
5 and the ohmic contact layer are formed by depositing 
u^sing Plasma CVD (Plasma Chemical Vapor Deposition) and 
patterning amorphous silicon (a-Si) and doped amorphous 
silicon (n*a-Si), respectively. The gate insulator is 
formed from depositing with Plasma CVD and patterning SiNx 
or SiOx. Side and pixel electrodes 15, 13 are formed by 
depositing a metal such as ITO (indium tin oxide) , Al, Mc, 
Cr, Ta, Ti or Al alloy using a sputtering and patterning 
technique - 

At this time, it is possible to form side and pixel 
electrodes 15, 13 by patterning the same metal once or by 
patterning different metals twice. 
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On secor.G substrate 20, corarr.cn eieccrode 17 is 
formed by depcsitiriq 170 chrough sputtering and 
patterning. The liquid crystal layer is formed by 
injecting liquid crystal between the first and second 
substrates. 

The side electrode 15 preferably has the same or 
substantially the same potential as the common electrode 

One way to accomplish this is to electrically connect 
the side electrode 15 to the common electrode. For 
example, if the potential difference between the pixel 
electrode and the common electrode is 5V, then the 
potential difference between the pixel electrode and the 
side electrode is also 5V, 

Fu-rthermore, in the present LCD, an alignment 
layer (not shown in the figure) is formed over the whole 
first and/or second substrates. The alignment layer 
includes a material such as polyamide or polyimide based 
materials, PVA (polyvinylalcohol ) , polyamic acid or SiOa- 
When rubbing is used to determine an alignment direction. 
It should be possible to apply any material suitable for 
the rubbing treatment. 

Moreover, it is possible to form the alignment layer 
with a photosensitive material such as PVCN 
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( pclyviayicinnamate) ?SCN ipoiysiloxa-ecinnamate) , and 
CelCM (celluiosecinr.ai-ate) based materials. Any material 
suitable for- the photo-aligning treatment may be used. 
Irradiating light once on the alignment layer determines 
the alignment or pretilt direction and the pretilt angle. 
The light used in the photo-alignment is preferably a 
light in a range of ultraviolet light, and any of non- 
polarized light, linearly-polarized light, and partially- 
polarized light can be. used. 

In the rubbing or photo-alignment treatment, it is 
possible to apply one or both of the first: and second 
substrates, and to apply different aligning-treatment on 
each substrate- 

As shown in Figs. 4 and 5, from the aligning- 
treatment, a multi-domain LCD is formed with at least two 
domains, and LC molecules of. the LC layer are aligned 
differently to one another on each domain. That is, as 

shown in Figs. 2A to 2D, the multi-domain is obtained by 
dividing each pixel into four domains such as in a or 
''x'' shape, or dividing each pixel horizontally, 
vertically, and/or diagonally, and diff erently ' alignment- 
treating or forming alignment directions on each domain 
and on each substrate. 
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The solid line arrow and dotced line arrow in zhe 
figures represent alignTient directions of each domain or 
the first and second substrates, respectively. It is 
possible to have at least one dorr.ain of the divided 
domains unaligned. It is also possible to have all 
domains unaligned. 

Figs. 4A to 4C are plan views of the liquid crystal 
display devices according to the second embodiiTient . The 
second embodiment is similar to the first embodiment, 
except t-hat the side electrode 15 is formed on the side 
of only. the data bus line 3, i.e., there is no horizontal 
side electrode. Therefore, the pixel region is broader 
than the first embodiment . 

Further, the multi-domain is obtained by dividing 
each pixel into four domains such as in a or "^x" 

shape, or dividing each pixel horizontally, vertically, 
and/or diagonally, and differently alignment-treating or 
forming alignment directions on each domain and on each 
substrate. It is possible to have at least one domain of 
the divided domains unaligned. It is also possible to 
have all domains unaligned. 

In particular. Fig. shows a two-domain 
configuration where the alignment is in both domains. 
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Fig. 4B shows a four-comain conf iguratiion where the 
align.T.er.t -s in cniy two of the four domains. rig. 4C 
shews a two-domai.T configuration with no aiicnxent. 

Figs. 5.^. to 5C are plan views of the liquid crystal 
display devices according to the third ernboci--nent . The 
third embodiment is similar to the first and second 
embodiments, except that the side electrode 15 is formed 
on the side of only the gate bus line 1, i.e., there is 
no vertical side electrode. Therefore, the pixel region 
may be broader than the first and second embodiments. 
The embodiments shown in Figs. 5A-5C have a storage-on- 
common structure. 

Further, the multi-domain is obtained by dividing 
each pixel into four domains such as in a "+" or "x" 
shape, or dividing each pixel horizontally, vertically, 
and/or diagonally, and differently alignment-treating or 
forming alignment directions on each domain and on each 
substrate. It is possible to have at least one domain o 
the divided domains unaligned. It is also possible to 
have all domains unaligned. 

Figs. 6A to 6D are plan views of the liquid crystal 
display devices according to the fourth emlsodiment . 
Figs. 6A-6D are similar to Figs. 2A-2D, respectively. 
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except chat the side electrode 15 overlaps the data bus 
line to increase the aperture ratio by using, for 
example, a low dielectric nriaterial such as 3CB as the 
passivation. 

Figs. 7A to 7B are sectional views taken along the 
lines iri-III* and IV-Iv' of the liquid crystal display 
device in Fig. 6A. Although not shown in Figs. 7A and 
IB, one alignment layer may be on either the first or 
second substrate, or an alignment layer may be- on each 
of the first and second substrates. 

In the fourth embodiment, the passivation includes 
BCB (benzocyclobutene) , acrylic resin, or polyimide 
compound, etc. as an organic insulator. Hence, the side 
electrode on the side of data bus line 3 is formed on any 
place on the data bus line 3 and the aperture ratio is 
improved. Moreover, the side electrode can be positioned 
in any place relative to the first three embodiments., and 
therefore, the pixel region is broader than the first, 
second, and third embodiments. 

In the fourth emJoodiment, the multi-domain is 
obtained by dividing each pixel into four domains, such as 
in a + " or ''x" shape, or dividing each pixel 
horizontally, vertically, and/or diagonally, and 



di.f f erently alignmenc-trea tine or forming aiignmenc 
directions on each domain and on each substirate. Iz is 
possible to have at least one domain of the divided 
domains unaligned. It is also possible to have all 
domains unaligned. 

Figs- 8A to 8C are plan views of the liquid crystal 
display devices according to the fifth embodiment. The 
fifth embodiment is similar to the fourth embodiment, 
except that the side electrode 15 is formed on any place 
on only the data bus line 3. Therefore, the pixel region 
is broader than the fourth embodiment. 

The multi-domain for the fifth embodiment is 
obtained by dividing each pixel into four domains such as 
in a + " or "x" shape, or dividing each pixel 
horizontally, vertically, and/or diagonally, and ■ 
differently alignment-treating or forming alignment 
directions on each domain and on each substrate. It is 
possible to have at least one domain of the divided 
domains unaligned. It is also possible to have all 
domains unaligned. 

Figs. 9A to SC are plan views of the liquid crystal 
display devices according to the sixth embodiment. The 
sixth embodi.-nent is also similar to the fourth and fifth 
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embodiments, except that the side electrode 15 is 
formed any place on only the gate bus line 1 on the 
side where the TFT is formed on. The side electrode 15 
is formed only along the side of the pixel electrode 13 
which is parallel to the gate bus line 1, and not along 
the side which is parallel to the data bus line 3. 
Therefore, the aperture ratio is improved due to pixel 
electrode 13 overlapping data bus line 3 as compared to 
the fourth and fifth embodiments. 

The multi-domain for the sixrh embodiment is 
obtained by dividing each pixel into four domains such as 
in a + " or ""x" shape, or dividing each pixel 
horizontally, vertically, and/or diagonally, and 
differently alignment-treating or forming alignment 
directions on each domain and on each substrate. It is 
possible to have at least one domain' of the- divided 
domains unaligned. It is also possible to have all 
domains unaligned. 

Referring to Figs. lOA to lOD and llA and IIB, the 

device comprises a plurality of gate bus lines 
1 arranged in a first direction on a first substrate 31 
and a plurality of data bus lines 3 arranged in a second 
direction on the first substrate, a TFT, a passivation 
31, a pixel electrode 13, and a side electrode 15. . 

On a second substrate 33, a light shielding layer 25 
is formed to shield the light leaked from gate and data 
bus lines 1, 3, and the TFT, a color filter layer 23 is 
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formed on the lichc shielding layer, a couimon electrode 
17 is formed on the color filter layer, and a l:i.quid 
crystal layer is formed between the first and second 
substrates 31, 33. 

Data bus lines 3 and gate bus lines 1 divide the 
first substrate into a plurality of pixel regions. The 
TFT is formed on the each pixel region and comprises a 
gate electrode 11, a gate insulator 35, a semiconductor 
layer "5, an ohmic contact layer, and source/drain 
electrodes 7^ 9. Passivation 37 is formed through the 
whole first substrate. .Pixel electrode 13 is coupled to 
drain electrode 9 and overlap data bus lines 3 or gate 
bus lines 1 on passivation ' 37 . Side electrode . 15 is 
formed in a. region except the region in which pixel 
electrode 13 and the TFT are on passivation 37. 

Side electrode 15 and pixel electrode 13 is* 
separated by passivation 37, which prevents gate bus line 
1 and data bus line 3 from interfering with the " distorted 
electric field of side electrode 15. The passivation 37 
is formed by depositinr a material such as SiN'x' or SiOx- 
Further, if side electrode 15 and pixel electrode 13 are 
overlapped with the TFT and/or data bus line 3, crosstalk 
is generated. Therefore, side and pixel electrodes 15, 
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13 are formed not Co overlap wich the TFT and/or data bus 
line by Che passivation as an inceriayer. 

For rigs. lOA-lOD, Che diagonal portion of the side 
electrode 15 may be replaced to form a perpendicular 
shape similar to Figs. 2A-2D, as an alternative 
embodiment . 

Figs. 18A to 18E are sectional views of showing 
the manufacturing process of the present liquid crystal 
display device. 

To manufacture the LCD, in each pixel region on 
the first substrate 31, a TFT is formed comprising gate 
electrode 11 /gate insulator 35, semiconductor layer 5, 
ohmic contact layer and source/drain electrodes 7,9. At 
this time, a plurality of gate bus lines 1 and a 
plurality of data bus lines 3 are formed to divide the 
first substrate into a plurality of pixel regions- 

Gate electrode 11 and gate bus line 1 are formed by, 
for example, sputtering and patterning a metal such as 
Al, Mo, Cr, Ta or Al alloy, as shown in Fig. 18A. The 
gate insulator 35 is formed on the gate electrode 11 by 
depositing SiNx or SiOx using, for example, PCVD (Plasma 
Chemical Vapor Deposition) . Semiconductor layer 5 and 
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Che ohmic contact: ■ layer are forrr.ec by depositing (cnrouch 
?CVD) and patterning amcrphcus siliccn (a-£i.) ar.c ccped 
amorphous silicon (p/ a-Si) , respectively, as shown in 
Fig. 18B. Data olis line 3 and source /dra in electrodes 7, 
9 are formed by, for example, sputtering and patterning a 
metal such as Ai, Mo, Cr, Ta or Al alloy, as shown in 
Fig. 18C. 

Subsequently, passivation 37 is formed with BC3 
(BenzoCycloButene) , acrylic resin, polyimide-based 
material, SiNx or SiOx over the whole first substrate, as 
shown in Fig. 18D. A contact hole 39 is formed to 
connect the pixel electrode to the drain electrode by 
opening a part of the passivation over the drain 
electrode- 9. Thereafter, side and pixel electrodes 15, 
13 are formed by, for example, sputtering and patterning 
a metal such as ITO (indium tin oxide) , Al, Mo, Cr, Ta, 
Ti or Al alloy, as shown in Fig. 18F.* 

At this time, it is possible to form side and pixel 
electrodes 15, 13 by patcerni.ng the same metal once or by 
patterning different metals twice. When side electrode 
15 and pixel electrode 13 are formed with the same 
material, the side and pixel electrodes are 
simultaneously formed with one mask. Alternatively, it 
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is possible co form che sice and pixel eleccrodes wich 
different materials or as a double layer with additional 
masks. 

To apply a voltage (Vccm) to side electrode 15, a 
silver (Ag) dot is preferably foriued at each corner of 
the driving area on the first substrate 31. An electric 
field is applied with the second substrate 33 and the 
liquid crystal molecules are driven by the potential 
difference. The voltage (V^om) is applied to side 
electrode 15 by connecting the Ag dots to the side 
electrode, which may be accomplished simultaneously by 
forming the side electrode with ITO, 

The side electrode" 15 preferably has the same or 
substantially the same potential as the common electrode. 
One way to accomplish this is to electrically connect the 
side electrode 15 to the common electrode. For example, 
if the potential difference between the pixel electrode 
and the common electrode is 5V, then the potential 
difference between the pixel electrode and the side 
electrode is also 5V. 

Moreover, when forming source/drain electrodes 7, 9 
(see Fig. 18C) , a storage electrode 43 is formed by, for 
example, sputtering and patterning a metal such as Al, 
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Mo, Cr, Ta, Ti or Ai alley which overlaps a cart c f gate 
bus line 1 (anc/or sice electrode 15) and pixel' electrode 
13 (see Fig. 113) . Storage electrode 43 is connected to 
pixel electrode 13 with contact hole 39, . and forms 
storage capacitor 4 1 with gate bus line 1 (and/or side 

electrode 15) . 

Figs. 19A-19F show another method of manufacturing 
the liquid crystal display device of the present 
invention. In particular, the structure of rhe liquid 
crystal display in Figs. 19A-19F is not an lOP (ITO On 
Passivation) structure as shown in Figs. 18A-18E. Here, 
the pixel electrode (ITO) is formed prior to the 
passivation layer. Otherwise, the process steps are 
similar to Figs. 18A-18E. 

Referring to Figs. 2GA and 20B, on second substrate 
33, a light shielding layer 25 is forr-.ed to shield light 
leakage from gate and data bus lines 1, 3, the TFT, and 
side electrode 15. A color filter layer 23 is formed 
with R, G, B (red, green, blue) elements on the light- 
shielding layer: -A corrumon electrode 1"? is formed with 
ITO on the color filter layer 23. A liquid crystal laye 
is formed by injecting liquid crystal between the first 
and second substrates. 
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On az leesz one subscrace, a cctnpensacion film 29 is 
formed wich poly-ruer. The ccrr.pensacion film may be a 
negative uniaxial film, which has one opcical axis, and 
compensates the phase difference of the direction 
according to viewing-angie . Hence, it is possible to 
compensate effectively the right-left viewing-angle by 
widening the area without gray inversion, increasing 
contrast ratio in an inclined direction, and forming a 

multi-domain pixel. 

In the present multi-domain liquid crystal display 
device, it is also possible to form a negative biaxial 
film as the compensation film, which has two optical axes 
and wider .viewing-angle characteristics as compared with 
the negative uniaxial film. The compensation, film may be 
formed, on one of the substrates (such as shown in Fig. 
20B) or on both substrates (such as shown in Fig. 20A) . 

After forming the compensation film 29 on at least 
one substrate, a polarizer is formed. At this time, the 
compensation film and polarizer are preferably composed 
as one. 

Furthermore, in the present multi-domain LCD, an 
alignment layer (not shown in the figure) is formed over 
the whole first and/or second substrates 31, 33. The 
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alignment layer includes a materia 



i such as pc.lyamice or 



polyimide based mate 



rials, ?VA ( polyvip.ylalcohol } , 



poiyamic acid or SiO:- 



When rubbing is used to determine 



an alignment direction, it should be possible to apply 
any material suitable for the rubbing treatment. 

Moreover, it is possible to form the aligrjuent layer 
with a photosensitive material such as PVCN 
(polyvinylcinnamate) , PSCN (polysiloxanecinnamate) , and 
CelCN (cellulosecinnamate) based materials. Any material 
suitable for the photo-aligning treatment may be used. 
Irradiating light once on the alignment layer determines 
the alignment or pretilt direction and the pretilt angle. 
The light used in the photo-alignment is preferably a 
light in a range of ultraviolet light. Any one of 
unpolarized light, linearly polarized light, and 
partially polarized light can be used. 

In the rubbing or photo-alignment treatment, it is 
possible to apply one or both of the first and second 
substrates, and to apply different alignment treatment on 
each substrate. 

From the alignment treatment, a multi-domain LCD is 
formed with at least two domains, and liquid crystal (LC) 
molecules of the LC layer are preferably aliened 
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dif -fere-cly from one another on. each dcrriain. That is, as 
shown in Figs. iOA to lOD, mulci -domain is obtained by 
dividing each pixel into four domains such as in, a + or 
"x" shape, or dividing each pixel horizontally, 
vertically, and/or diagonally, and differently- alignment- 
treating or forming alignment directions on each domain 
and on each substrate. 

The solid line arrow and dotted line arrow in the 
figures represent alignment directions of each- domain of 
the first and second substrates, respectively. It is 
possible to have at least one domain of the divided 
domains unaligned- It is also possible to have ail 
domains unaligned. 

Figs. 12A to 12C are plan views of the liquid 
crystal display devices according to the eighth 
embodiment. The eighth embodiment is similar to the 
seventh embodiment, except that the side electrode 15 is 
formed on the side of only the data bus line 3. 
Therefore, the pixel region is broader than the seventh 
embodiment . 

Further, the multi-domain is obtained by dividing 
each pixel into four domains such as in a or "x" 

shape, or dividing each pixel horizontally, vertically. 
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and/or diagonally, and differently al ignmenc - c rea t ing o 
forming alignment directions on each domain and on each 
substrate. It is possible to have at least one domain 
the divided domains unaligned. It is also possible to 
have all domains unaligned. 

Figs. 13A to 13C are plan views of the liquid 
crystal display devices according to the ninth 
embodiment.;, ;.:-JT-he ninth embodiment is similar to the! 
seventh andKeighth embodiments, except that the side 
electrode 15 .is formed on the side of only the gate bus 
line 1. Therefore^ the pixel region may be broader tha 
the seventh and eighth embodiments. 

Further, the multi-domain is obtained by dividing 
each pixel. into four domains such as in a + " or "x" 
shape, or dividing each pixel horizontally / vertically, 
and/or diagonally, and differently alignment-treating o 
forming alignment directions on each domain and on each 
substrate. It is possible to have at least one domain 
the divided domains unaligned. It is also possible to 
have all domains unaligned. 

Figs. 14A to 14D are plan views of the liquid 
crystal display devices according to the tenth 
embodiment, and Fig. 15 is a sectional view taken along 
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the lines VII-VIl' of the liquid crystal display device 
in Fig . 14A . 

In the tenth embodiment, the passivation 37 includes 
dC3 (BenzoCycloButene) , acrylic resin, or polyimide 
compound, etc. as an organic insulator. The passivation 
in this instance has a planar surface structure and has a 
low dielectric constant. Hence, the side electrode on 
the side of data bus line 3 may be formed on any place on 
the data bus line 3 and the aperture ratio is improved. 
Moreover, the side electrode can be positioned in any 
place relative to the former three embodiments, and 
therefore, the pixel region is broader than the seventh, 
eighth, and ninth embodiments. 

In the tenth embodiment, the multi-domain is 
obtained by dividing each pixel into four domains such as 
in a ^'-1-" or "x" shape, or dividing each pixel 
horizontally, vertically, and/or diagonally, and 
differently alignment-treating or forming alignment 
directions on each domain and on each substrate. It is 
possible to have at least one domain of the divided 
domains unaligned. It is also possible to have all 
domains unaligned , 

The storage capacitor in Figs. 14A-14D may be 
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si.-niiar to the storage capacitor disclosed with respect 
to rigs. 13A-13C. 

Figs. 16A to 16C are plan views of the liquid 
crystal display devices according to the eleventh 
embodiment. The eleventh embodiment is similar to the 
tenth embodiment, except that the side electrode 15 is 
formed on any place on only the data bus line 3. 
Therefore, the pixel- region is broader than the tenth 
embodiment . 

The multi-domain for the eleventh embodiment :ls 
obtained by dividing each pixel into four domains such as 
in a + " or ""x" shape, or dividing each pixel 
horizontally, vertically, and/or diagonally/ and 
differently alignment-treating or forming alignment 
directions on each domain and on each substrate- It is 
possible to have at least one domain of the divided 
domains unaligned. It is also possible to have all 
domains unaligned . 

Figs. 17A to 17C are plan views of the liquid 
' crystal display devices according to the twelfth 
embodiment. The twelfth embodiment is also similar to 
the tenth and eleventh embodiments/ except that the side 
electrode 15 is formed any place on only the gate bus 
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line 1 on the side where the TFT is formed on. The side 
electrode 15 is formed only long the side of the pixel 
electrode 13 which is parallel to the gate bus line 1, 
and not along the side which is parallel to the data 
bus line 3. Therefore, the aperture ratio is improved 
due to pixel electrode 13 overlapping data bus line 3 
as compared to the tenth and eleventh embodiments. 

The multi-domain for the twelfth embodiment is 
obtained by dividing each pixel into four domains such as 
in a or "x" shape, or dividing each pixel 

horizontally, vertically, and/or diagonally, and 
differently alignment-treating or forming alignment 
directions on each domain and on each substrate. It -is 
possible to have at least one domain of the divided 
domains unaligned. It is also possible to have all 
domains unaligned. 

The embodiment shown in Figs. 17A-17C is also 
similar to the embodiment shown in Figs. 13A-13C except 
that the side electrodes in Figs. 13A-13C are connected 
at the pixel region whereas the side electrodes in Figs. 
17A-17C, although not shown, are connected at the 
periphery. 

It is possible to apply the LCD of the present 
embodiments to any alignment and mode including, for 
example, ( 1)~ a homogeneous alignment where liquid crystal 
molecules in the liquid crystal layer are aligned 
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homogeneously -O surfaces o? Che first and second 
substrates, (2) a honeotropic alignment where liquid 
crystal molecules in the liquid crystal layer are aligned 
homeotropically to surfaces of the first and second 
substrates, (3) a tilted alignment where liquid crystal 
molecules in the liquid crystal layer are .aligned 
tiltedly to surfaces of the first and second substrates, 
(4) a twisted alignment where liquid crystal molecules in 
the liquid crystal layer are aligned twistedly to 
surfaces of the first and second substrates, and (5) a 
hybrid alignment where liquid crystal molecules in the 
liquid crystal layer are aligned homogeneously to surface 
of one substrate between the first and second substrates 
and are aligned homeotropically to surface of the other 
substrate. 

Consequently, since the multi-domain LCD of the 
present embodiments forms the pixel electrode and the side 
electrode on the same layer, a high voltage is not needed- 
to raise the intensity cf the electric field applied 
between the two electrodes. Also, in the case of 
conducting an alignment-treatment, a rapid response time 
and a stable LC structure can be obtained by the formed 
pretilt and anchoring energy. Moreover, the disclination 
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is thus removed to thereby improve the brightness. 

It will be apparent to those skilled in the art that 
various modifications can be made in the liquid crystal 
display device of the present invention without departing 
from the sprit or scope of. the invention. Thus, it is 
intended that the present invention cover the 
modifications and variations of this invention provided 
they come within the scope of the appended claims and 
their equivalents. 
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CLAIMS : 

1. A muici-domain iicuic crystal display device 
comprising : 

first, and second substrates facing each other; 
a liquid crystal layer between said first and second 
substrates ; 

a plurality of gate bus lines arranged in a first 
direction on said first substrate and a plurality of data bus 
lines arranged in a second direction on said first substrate 
to define a pixel region; 

a common electrode on said second substrate; 

a pixel electrode electrically charged through said 
data bus line to drive said liquid crystal layer with said 
coramon electrode; 

an auxiliary electrode on a same layer whereon said 
pixel electrode is formed; 

a passivation insulating said pixel and auxiliary 
electrodes from electrodes and bus lines other than the pixel 
and auxiliary electrodes; and 

an alignment layer on at least one substrate between 
said first and second substrates. 
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2. The multi-domain liquid crystal display 
device according to claim 1, wherein said auxiliary 
electrode is in a region other than a region where said 
pixel electrode is formed. 

3. The multi-domain liquid crystal display 
device according to claim 1 or 2 , wherein said 
auxiliary electrode is electrically connected to said 
common electrode. 

4 . The multi-domain liquid crystal display 
device according to any of claims 1 to 3 , wherein said 
pixel electrode includes a material selected from the 
group consisting of ITO (indium tin oxide), aluminum, 
and chromium . 

5. The multi-domain liquid crystal display 
device according to any of claims 1 to 4 , wherein said 
auxiliary electrode includes a material selected from 
the group consisting of ITO ( indiiim tin oxide), 
aluminum, molybdenum, chromium, tantalum, titanium, and 
an alloy thereof. 



6. The multi-domain liquid crystal display 
device according to any of claims 1 to 5 , wherein said 
common electrode includes ITO (indium tin oxide). 
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7. The mulri-domain liquid crystal display 
device according to any of claims 1 to 6 , wherein said 
passivation includes a material selected from the group 
consisting of BCB (benzocyclobutene) , acrylic resin, 
and polyimide compound. 

8. The multi-domain liquid crystal display 
device according to any of claims 1 to 7 , wherein said 
auxiliary electrode overlaps said data bus line. 

9. The multi-domain liquid crystal display 
device according to any of claims 1 to 6 , wherein said 
passivation includes a material selected from the group 
consisting of silicon nitride and silicon oxide. 

10. The multi-domain liquid crystal display 
device according to any of claims 1 to 9 , wherein said 
passivation insulates said auxiliary electrode from 
said pixel electrode. 

11. The multi-domain liquid crystal display 
.;device according to any of claims 1 to 10, wherein said 
■pixel region is divided into at least two portions, 

liquid crystal molecules in said liquid crystal layer 
in each portion being driven differently from each 
other. 



L2. The multi-domain liquid crystal display 
deyice according to any of claims 1 to 11, wherein said 
alignment layer is dxvided into at least two portions, 
liquid crystal molecules in said liquid crystal layer 
in each portion being aligned differently from each 
other. 

13. The multi-domain liquid crystal display device 
according to claim 12, wherein at least one portion of said at 
least two portions of the alignment layer is alignment- 
treated. 

14. The multi-domain liquid crystal display device 
according to claim 12, wherein all portions of said at least 
two portions of the alignment layer are non-alignment- 1 reated . 

15. The multi-domain liquid crystal display device 
according to claim 12, wherein at least one portion of said at 
least two portions of the alignment layer is rubbing-treated. 



16. The multi-domain liquid crystal display 
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according co claim 13, wherein said aixgr.T.ent layer includes a 
material selected from the group consisting of polyimide and 
polyamide based materials, PVA (polyvinylalcohol ) , polyamic 
acid,, and silicon dioxide. 

17. The multi-domain liquid crystal display device 
according to claim 12, wherein at least one portion of said at 
least two portions of the alignment layer is photo-alignment- 
treated. 

.18. The multi-domain liquid crystal display device 
according to claim 17, wherein said alignment layer includes a 
material selected from the group consisting of PVCN 

(polyvinylcinnamate) , PSCN (polysiloxanecinnamate) , and CelCN 

(cellulosecinnamate) based materials. 

19. The multi-domain liquid crystal display device 
according to claim 17 or 18, wherein said alignment 
layer is photo-aligned by ultraviolet light. 

20. The multi-domain liquid crystal display device 
according to any one of claims 17 to 19, wherein said 
alignment layer is photo-aligned by irradiating light 
at least one time. 



21. The multi-domain liquid crystal display 
device according to any of claims 1 to 20, wherein said 
liquid crystal layer includes liquid crystal molecules 
having positive dielectric anisotropy. 

22. The multi-domain liquid crystal display 
device according to any of claims 1 to 20, wherein said 
liquid crystal layer includes liquid crystal molecules 
having negative dielectric anisotropy. 

23. The multi-domain liquid crystal display 
device according to any of claims 1 to 22^ wherein 
liquid crystal molecules in said liquid crystal layer 
are aligned homogenously to surfaces of said first and 
second substrates . 

24. The multi-domain liquid crystal display 
device according to any of claims 1 to 22, wherein 
liquid crystal molecules in said liquid crystal layer 
are aligned homeotropically to surfaces of said first 
and second substrates . 

25. The multi-domain liquid crystal display 
device according to any of claims 1 to 22, wherein 
liquid crystal molecules in said liquid crystal layer 
are aligned tiltedly to surfaces of said first and 
second substrates . 
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26. The multi-domain liquid crystal display 
device according to any of claims 1 to 22, wherein 
liquid crystal molecules in said liquid crystal layer 
are aligned twistedly to surfaces of said first and 
second substrates . 

27. The multi-domain liquid crystal display 
device according to any of claims 1 to 22, wherein 
liquid crystal molecules in said liquid crystal layer 
are aligned homogeneously to a surface of one substrate 
between said first and second substrates and are 
aligned homeotropically to a surface of the other 
substrate . 

i28. The multi-domain liquid crystal display 
device according to any of claims 1 to 27, wherein the 
passivation is below said pixel and auxiliary 
electrodes , 

29. The multi-domain liquid crystal display 
device according to any of claims 1 to 28, wherein the 
auxiliary electrode is formed only on the data bus line 
side of the pixel electrode. 
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30. The multi-domain liquid crystal display- 
device according to any of claims 1 to 28, wherein the 
auxiliary electrode is formed only on the gate bus line 
side of the pixel electrode. 

31. The multi-domain liquid crystal display 
device according to any of claims 1 to 28, wherein the 
auxiliary electrode is formed on the data bus line side 
and the gate bus line side of the pixel electrode. 

32. A multi-domain liquid crystal display device 
comprising: 

first and second substrates facing each other; 
a liquid crystal layer between said first and second 
substrates; 

a .plurality of gate bus lines arranged in a first 
direction on said first substrate and a plurality of data bus 
lines arranged in a second direction on said first substrate 
to define a pixel region; 

a common electrode on said second substrate; 

a pixel electrode coupled to the data bus line; 

an auxiliary electrode on a same layer as said pixel 

electrode; and 

a passivation insulating said pixel and auxiliary 

electrodes. 



I 
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33. The mulci-domain liquid crystal display device 
according to claim 

32, wherein the auxiliary electrode has a substantially the 
same potential as the common electrode. 

34. A method of making a multi-domain liquid crystal 
display device having first and second substrates^ the method. ; • 
comprising: • - - 

forming a plurality of gate bus lines arranged in a 

first direction on said first substrate and a plurality of 

data bus lines arranged in a second direction on said first 

substrate to define a pixel region; 

forming a common electrode on said second substrates- 
forming a pixel electrode electrically charged 

through said data bus line to drive said liquid crystal layer 

with said common electrode; 

forming an auxiliary electrode on a same layer 

whereon said pixel electrode is formed; 

forming a passivation insulating said pixel and 

auxiliary electrodes from electrodes and bus lines other than 

the pixel and auxiliary electrodes; 

forming an alignment layer on at least one substrate 
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between said first: and seconds substrates; and 

forming a liquid crystal layer between said first 
and second substrates . 

35. The method according to claim 34, wherein the 
auxiliary electrodes is formed only on the data bus line 
side of the pixel electrode, 

36. The method according to claim 34, wherein the 
auxiliary electrode is formed only on the gate bus line 
side of the pixel electrode. 

37. The method according to claim 34, wherein the 
auxiliary electrode is formed on the data bus line side 
and the gate bus line side of the pixel electrode. 

38. The method according to any of claims 34 to 
37/ wherein the auxiliary electrode has a substantially 
at the same potential as the common electrode. 

39. A method of making a multi-domain liquid 
crystal display device having first and second 
substrates, the method comprising: 

forming a plurality of gate bus lines arranged in a 
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first: cirectiion cn sale first subs-rate anc a. p.ura^icy or 
data bus lines arranged in a . second direction on said first 
substrate to define a pixel region; 

forming a conraon electrode on said second substra 
forming a pixel electrode coupled to the data bus 

line ; 

forming an auxiliary electrode on a same layer as 

said pixel electrode; 

forming a passivation insulating said pixel and 

auxiliary electrodes; and 

forming a liquid crystal layer between said first 

and second substrates. 



40. The method according to claim 39, further comprising 
the step of forming an alignment layer on at least one 
substrate between said first and second substrates. 

41. The method according to claim 39 or 40, 
wherein the auxiliary electrode is formed only on the 
data bus line side of the pixel electrode. 



42. The method according to claim 3 9 or 40, 
wherein the auxiliary electrode is formed only on the 
gate bus line side of the pixel electrode. 
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43. The method according to claim 39 or 40, 
wherein the auxiliary electrode is formed on the data 
bus line side and the gate bus line side of the pixel 
electrode. 

44. The method according to any of claims 3 9 to 
43, wherein the auxiliary electrode has substantially 
the same potential as the common electrode. 

45. A multi-domain liquid crystal display device 
comprising : 

first and second substrates facing each other; 
a liquid crystal layer between said first and second 
substrates; 

a plurality of gate bus lines arranged in a first 
direction on said first substrate and a plurality of data bus 
lines arranged in a second direction on said first substrate 
to define a pixel region; 

a common electrode, on said second substrate; 

a pixel electrode electrically charged through said 

data bus line to drive said liquid crystal layer with said 

common electrode; 

an auxiliary electrode on a same layer whereon said 

pixel electrode is formed; 
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a passivation ir.sulacing said pixel ar.d auxiliary 
lectrodes from eieczrodes and bus lines other Chan the pixel 
and auxiliary electrodes; and 

an alignment layer on at least one substrate between 
said first and second substrates, wherein 

the auxiliary electrode has a substantially the same 
potential as the common electrode. 



. 46, The multi-domain liquid crystal display device 
according to claim 45, wherein the auxiliary electrode. is 
electrically connected to the common electrode. 

47, A multi-domain liquid crystal display device 
comprising: 

first and second substrates facing each other; 
a liquid crystal layer between said first and second 
substrates; 

a plurality of gate bus lines arranged in a first 
direction on said first substrate and a plurality of data bus 
lines arranged in a second direction on said first substrate 
to define a pixel region; 

a common electrode on said second substrate; 

a pixel electrode electrically charged through said. 



daca bus line to drive said liquid ' crystal layer with said 
ccnin\on electrode; 

an auxiliary electrode including the same material 
as said pixel electrode,, on a same layer whereon said pixel 
electrode is formed; 

a passivation insulating said pixel and side 
electrodes from electrodes and bus lines other than the pixel 
and auxiliary electrodes; and 

an alignment layer on at least one substrate between 
said first and second substrates. 

48. A multi-domain liquid crystal display device 
compris-ing: 

first and second substrates facing each other; . 
a liquid crystal layer between said first and second 
substrates; 

a plurality of gate bus lines arranged in a first 
direction on said first substrate and a plurality of data bus 
lines . arranged in a second direction on said first substrate 
to define a pixel region; 

a common electrode on said second substrate; 

a pixel electrode electrically charged through said 
data bus line to drive said liquid crystal layer with said 
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common electrode; 

an auxiliary eleccrode including a different 
material what said pixel electrode includes, on a same layer 
whereon said -pixel electrode is formed; 

a passivation insulating said pixel and side 
electrodes from electrodes and bus lines other than the pixel . 
and auxiliary electrodes; and 

an alignment layer on at least one substrate between, 
said fi'rst and second substrates. 

49. A multi-domain liquid crystal display device 
comprising: 

first and second substrates facing each other; 
a liquid crystal layer between said first and second 
substrates; 

a plurality of gate bus lines arranged in a first 
direction on said first substrate and a plurality of data- bus , 
lines arranged in a second direction on said first substrate 
to define a pixel region; 

a common electrode on said second substrate; 

a pixel electrode electrically charged through said 
data bus line to drive said liquid crystal layer with said 
common electrode; 
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an auxiliary electrode on a same layer whereon said 
prxel electrode is fornied; 

a passivation including a material selected from the 
group "consisting of BC3 ( BenzcCycloButene ) , acrylic resin, and 
polyimide compound, and insulating said pixel and side 
electrodes from electrodes and bus lines other than the pixel 
and auxiliary electrodes; and 

an alignment layer on at least one substrate between said 
first and second substrates. 

50. A multi-domain liquid crystal display device 
comprising : 

first and second substrates facing each other; 
a liquid crystal layer between said first and second 
substrates; 

a plurality of gate bus lines arranged in a first 
direction on said first substrate and a plurality of data bus 
lines arranged in a second direction on said first substrate 
to define a pixel region; 

a common electrode on said second substrate; 

a pixel electrode electrically charged through said 
data bus line to drive said liquid crystal layer with said 
common electrode; 
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an auxiliary electrode on a same layer whereon said 
pixel '.electrode is formed; 

a passivation insulating said pixel and auxiliary 
electrodes from electrodes and bus lines other than the 
pixel and auxiliary electrodes; and 

a compensation film on at least one substrate - 

51. The multi-domain liquid crystal display device 
according to claim 50, wherein the compensation film includes 
a negative uniaxial film on an .outer surface of the at least 
one substrate. 

52. The multi-domain liquid crystal display device 

according to claim 50 or 51, further comprising an 
alignment layer on at least one substrate between said 
first and second substrates. 

53. The multi-domain liquid crystal display device 
according to any of claims 50 to 52, further comprising 

a polarizer on at least one substrate between said first 

and second substrates. 

54. The multi-domain liquid crystal display device 
according to claim 50, wherein the compensation film includes 

-53- . . ' • . 
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a r.egative biax 
one substrate. 



iai film on an outer surface or t 
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55. A multi-domain liquid crystal display device 
comprising: 

first and second substrates facing each other; 
a liquid cryst^ layer between said first and second 
substrates; 

a plurality of gate bus lines arranged in a first 
direction on said first substrate and a plurality of data bus 
lines arranged in a second direction on said first substrate 

to define a pixel region; 

a thin film transistor comprising a gate electrode, 

a semiconductor, layer, and source/drain electrodes, at a 

crossing area of said gate and data bus lines 
^ ' a common electrode on said second substrate; 

* a pixel electrode electrically charged through said 

data bus line to drive said liquid crystal layer with said 

common electrode; 

an auxiliary electrode on a same layer whereon said 
pixel electrode is formed except the area where said thin film 
transistor is formed; 

a passivation insulating said pixel and auxiliary 



electrodes from eieccrcdes and bus lines other than the pixel 
and auxiliary electrodes; and 

an alignment layer on at least one substrate between 
•said first and second substrates. 

56, -A liquid crystal display device comprising: 
first and second substrates; 

a liquid crystal layer between said first and second 
substrates; 

a' plurality of gate bus lines arranged in a first 
direction on said first substrate and a plurality of data bus 
lines arranged in a second direction on said first substrate 
to define a^ pixel region; 

a transistor having gate, source, and drain, the 
source being coupled to the data bus line, and the gate being 
coupled, to the gate bus line; 

a common electrode on said second substrate; 

a pixel electrode electrically charged through said 
data bus line to drive said liquid crystal layer with said 
common electrode, the pixel el.ectrode and the common electrode 
producing an electric field; 

an auxiliary electrode on a same layer whereon a 
pixel electrode is formed to affect the electric field between- 
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a layer insuia-ing said pixel and auxiliary electrodes 
from electrodes and bus lines ocher than the pixel and 
auxiliary electrodes, 

wherein said pixel region is divided into at 
least two portions and liquid crystal molecules in said liquid 
crystal layer in each of the at least two portions being 
electrically driven differently from each other. 

57. A method of making a liquid crystal display device 
having first and second substrates, the method comprising the 
steps of : 

forming a plurality of gate bus lines arranged in a 

first direction, on said first substrate and a plurality of . 

data bus- lines arranged in a second direction on said first 

substrate to define a pixel regions- 
forming a transistor corresponding to the pixel 

region having gate, source; and drain electrodes, - 

forming a pixel electrode electrically charged 

through said data bus line to drive said liquid crystal layer 

with said common electrodes- 
forming an auxiliary electrode on a same layer 

whereon said pixel electrode is formed, the auxiliary 



55 



electrode and the pixel electrode being electrically insulated 
from each other; 

forniing a common electrode on the secorid substrate; 

and 

forming a liquid crystal layer between said f:.rst 
and second substrates, 

wherein said pixel region is divided into at 
least two portions and liquid crystal molecules in said liquid 
crystal layer in each of the at least two portions capable of . 
being electrically driven differently from each other. 

58. A liquid crystal display device including an 
auxiliary electrode formed spaced apart from but on the 
same layer as a pixel electrode. 

59. A liquid crystal display device substantially 
as hereinbefore described with reference to and/or 
substantially as illustrated in the accompanying 
drawings . 

60. A method oT rr.eking a liq-^id crystal display 
device substantially as hereinbefore described with 
reference to and/or substantially as illustrated in the 
accompanying drawings . 
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Combined Search and Examination Report under Sections 17 & 18(3) 



Novelty ( Section 1(1) (a) ) 

1 . The invention as defined in claim 33 is not new because it has already been 
disclosed in each of the following documents: 

a) GB 2337843 A (KIM et al.) - see fig.6A, p. 12 lin. 17 to p. 13, p. 18 lin.21 to p. 19 

lin.4 

b) US 5777701 (ZHANG) - see figs. 1 & 2, col.3 lin.53 to col.4 lin.67 

c) JP 050297412 A (YASUMITSU et al.) - see figs.l & 4, and abstract 

2 All of the cited documents describe active matrix liquid crystal devices and in 
particular the arrangement of the pixel elements. Thus, as is standard to such devices, there 
are two facing substrates with pixel electrodes and common electrodes on opposing faces 
and orthogonal gate and data bus Unes in between. The three cited documents also have an 
extra auxiliary electrode surrounding the pixel electrode and therefore these documents 
anticipate claim 33. 

Inventive step ( Section 1(1) (b) ) 

3. The invention as defined in claims 1 and 34 at least is obvious in view of what has 
already been disclosed in the following document: 

GB 2337843 A (KIM et al.) - see fig.6A, p. 12 lin. 17 to p. 13, p. 18 Un.21 to p. 19 

lin.4 

4. In addition to the features mentioned above, this document describes a device 
containing a passivation layer and alignment layers, thus, when combined with features 
well known in the art of active matrix display construction, this document shows a lack of 
inventive step for claims 1 and 34 at least. 

Clarity, Consistency and Scope of Invention ( Section 14(5) ) 

5. The dependent claims 10 and 11 are identical, as are the dependent claims 30 and 
31. Thus, for conciseness one of the identical pair should be modified or removed. 

6 . Claim 17 refers to " . . .an overcoat layer on said color filter layer. " . It is not clear 
what the 'overcoat layer' actually is. Are you perhaps referring to common electrode layer 
or to the substrate? Note that if the overcoat layer does refer to the common electrode then 
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Publication 
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publication. 
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( Examination Report contd. 1 

claim 18 becomes identical to claim 15 and for conciseness one of these claims should be 
either modified or removed. 

7. Claim 25 mentions for the first time that "...said alignment layer is divided into at 
least two portions,...". Claim 26 refers to "...one portion of said at least two 
portions... "and therefore must be appendant to claim 25, however, claim 26 states 
"...according to any one of claims 1 to 25..." which is inconsistent. 

8. In claim 34 it is not understood what the term " . . .n-line. . . " means with respect to 
the thin film transistor. 

9. Whilst the six embodiments of the invention are apparent fi-om the description, 
there is no mention in the claims of the separate embodiments. Therefore, claim 35 which 
refers to "...the first to sixth embodiments..." is not clear in meaning. 



10. The statement of invention on page 4 appears to correspond to claim 1 only and 
therefore does not provide support for the independent claims 33 and 34. 



